■ * 



(19) 




Eur paisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

30.09.1998 Bulletin 1998/40 

(21) Application number: 98105531.2 

(22) Date of filing: 26.03.1998 



(1D EP 0 867 287 A1 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : B41J 2/14, B41J 2/045 



(84) Designated Contracting States: 


(72) 


Inventor: Akahane, Fujio 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 




Suwa-shi, Nagano-ken (JP) 


NL PT SE 






Designated Extension States: 


(74) 


Representative: 


AL LT LV MK RO SI 




Grunecker, Kinkeldey, 






Stockmalr & Schwa nhdusser 


(30) Priority: 27.03.1997 J P 76253/97 




AnwaltssozietSt 






Maximilianstrasse 58 


(71) Applicant: 




80538 Munchen (DE) 


SEIKO EPSON CORPORATION 




Shinjuku-ku, Tokyo (JP) 







(54) Ink jet recording head 

(57) A silicon monocrystalline substrate (10) pro- 
vided with a piezoelectric element formed in a thin film 
process, a pressure generating chamber (12) arranged 
in high density by anisotropic etching, a narrow part (1 3) 
and a communicating part (14) is sealed by a sealing 
plate (20) the coefficient of linear expansion of which 
d es not exceed the double of that of the above silicon 
monocrystalline substrate and a common ink chamber 
(31) provided with the above sealing plate (20) as one 
surface and a thin wall (41) in a part is adjacent to the 
silicon monocrystalline substrate (10). 
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1 EP 0 867 

Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to the structure of an 
ink jet recording head for jetting an ink droplet from a 
nozzle aperture by expanding or contracting a part of a 
pressure generating chamber communicating with a 10 
nozzle aperture by an actuator for f lexural oscillation. 

Related art 

The above ink jet recording head is classified into 15 
two types of a piezoelectric vibrator type for mechani- 
cally deforming a pressure generating chamber and 
pressurizing ink and a bubble jet type for providing a 
heating element in a pressure generating chamber and 
pressurizing ink by the pressure of bubbles generated 20 
by the heat of the heating element. The piezoelectric 
vibrator type of recording head is further classified into 
two types of a first recording head using a piezoelectric 
vibrator displaced axially and a second recording head 
using a piezoelectric vibrator for f lexural displacement. 25 

Although the first recording head enables high 
speed driving and recording in high density, it has a 
problem that the number of manufacturing processes is 
many because cutting is required for working its piezoe- 
lectric vibrator and three-dimensional assembly is 30 
required when a piezoelectric vibrator is fixed to a pres- 
sure generating chamber. In the meantime, although 
the second recording head is characterized in that a pie- 
zoelectric vibrator can be integrated with an elastic film 
constituting a pressure generating chamber by baking 35 
because the piezoelectric vibrator is filmy and the man- 
ufacturing process can be simplified, it has a problem 
that the width of the pressure generating chamber is 
increased and the density of an array is deteriorated 
because large area enough to enable f lexural oscillation 40 
is required. 

To solve such problems which the recording heads 
utilizing flexural oscillation have, an ink jet recording 
head provided with a passage formed substrate in 
which a pressure generating chamber, an ink supply 45 
port and a common ink chamber are formed by aniso- 
tropically etching a silicon monocrystalline substrate 
with a lattice plane (110) and a nozzle plate in which 
plural nozzle apertures communicating with a pressure 
generating chamber are formed wherein the other face so 
of the passage formed substrate is constituted as a 
membrane which can be elastically deformed by a sili- 
con oxide is proposed in Japanese published patent 
application No. H5-504740 for example. 

According to the above ink jet recording head, as a 55 
driving part is formed by forming a piezoelectric material 
film in the area opposite to a pressure generating cham- 
ber of a membrane by a film forming method and the 
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recording head can be constituted by etching and form- 
ing a film, the multiple recording heads with high printing 
density can be uniformly and simultaneously manufac- 
tured. 

However, there are problems of the above structure 
in which a film to be a piezoelectric vibrator is formed 
using a silicon monocrystalline substrate to be improved 
to further enhance the quality of printing and to reduce 
the manufacturing cost. 

As for a first problem, as a silicon monocrystalline 
substrate is thin and fragile, some reinforcement against 
impact and vibration is required. 

As for a second problem, the coefficient of linear 
expansion of a silicon monocrystalline substrate is 
approximately 3 x 10" 6 /°C and very small, compared 
with the coefficient of linear expansion of general metal 
and resin. Therefore, if metal and resin respectively with 
the large coefficient of linear expansion are used for the 
other head component when a silicon monocrystalline 
substrate is assembled by sticking an ink passage com- 
ponent and the other head component such as a nozzle 
plate together, tensile stress or compressive stress is 
applied to the silicon monocrystalline substrate due to 
difference in the quantity of expansion or contraction 
between both as temperature changes. Stress applied 
to the silicon monocrystalline substrate particularly sen- 
sitively has an effect upon a thin film part and substan- 
tially changes the rigidity of an elastic film, therefore, 
pressure applied to a pressure generating chamber by a 
piezoelectric element and the vibrational characteristic 
of the pressure generating chamber are changed and 
as a result, the jetting of an ink droplet is unstable. The 
bonded body is warped due to difference in expansion 
or contraction between above both and the failure of 
bonding is caused when a recording head is built in a 
frame and others in a succeeding process. 

Next, a third problem will be descrbed. A substrate 
in regular size (hereinafter called a wafer) normally such 
as four and eight inches is used for the silicon monoc- 
rystalline substrate. No matter how many pressure gen- 
erating chambers and piezoelectric elements of 
recording heads are formed by one wafer, manday, time 
and material are unchanged. In addition, the manufac- 
turing cost of a pressure generating chamber and a pie- 
zoelectric element accounts for most of the cost of a 
recording head. That is, the more the number of record- 
ing heads manufactured of one wafer is, the lower the 
cost of one recording head can be. It remarkably 
reduces the number of recording heads manufactured 
of one wafer that a passage except a pressure generat- 
ing chamber, particularly a common ink chamber requir- 
ing much area is formed in a silicon monocrystalline 
substrate as in the above prior example and as a result, 
the cost of a recording head is increased. 

SUMMARY OF THE INVENTION 

The present invention is made to solve these prob- 
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lems and the object is to provide a low-priced and relia- 
ble recording head in which an ink droplet can be stably 
jetted and high density and high quality of printing is 
enabled. 

An ink jet recording head according to the present 5 
invention includes plural pressure generating chambers 
formed in the shape of a long window by anisotropically 
etching a silicon monocrystalline substrate for jetting an 
ink droplet from a nozzle aperture, an elastic film for 
coating one surface of the above silicon monocrystalline 10 
substrate and a piezoelectric element in which an elec- 
trode film, a piezoelectric material film and an electrode 
film are laminated in order corresponding to each pres- 
sure generating chamber on the surface reverse to the 
silicon monocrystalline substrate of the above elastic 15 
film, and characterized in that a narrow part and a com- 
municating part are formed at the end far from a nozzle 
aperture of the pressure generating chamber of the 
above silicon monocrystalline substrate, the other sur- 
face of the silicon monocrystalline substrate is sealed 20 
by a sealing plate provided with an ink supply communi- 
cating port for connecting the above communicating 
part and a common ink chamber and the common ink 
chamber is adjacent to the silicon monocrystalline sub- 
strate via the sealing plate. 25 

According to the present invention, the ink jet 
recording head includes the at least a sealing plate of 
members forming a common ink chamber is constituted 
by material the coefficient of linear expansion of which 
does not exceed the double of the coefficient of linear 30 
expansion of the above silicon monocrystalline sub- 
strate. 

According to the present invention, the ink jet 
recording head includes glass ceramics the coefficient 
of linear expansion of which is 2.5 to 4.5 x 10" 6 /°C are 35 
used for a sealing plate. 

According to the present invention, the ink jet 
recording head includes a common ink chamber is inte- 
grated with glass ceramics including a sealing plate any 
coefficient of linear expansion of which is 2.5 to 4.5 x 10* 40 
6 f°C and which are molded and baked after lamination 
or laminated and baked after molding. 

According to the present invention, the ink jet 
recording head includes an alloy of iron and nickel the 
coefficient of linear expansion of which is 2.5 to 4.5 x 1 0* 45 
6 /°C is used for at least a sealing plate. 

Accroding to the present invention, the ink jet 
recording head includes a common ink chamber is pro- 
vided with a thin wall at least in a part of the surface 
opposite to a sealing plate. so 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective drawing showing 
a first embodiment of the present invention; 55 
Figs. 2 are a plan and a sectional view respectively 
showing the first embodiment of the present inven- 
tion; 
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Fig. 3 is a perspective drawing showing a trans- 
formed part of a part constituting the first embodi- 
ment of the present invention; 
Figs. 4 show a thin film manufacturing process in 
the first embodiment of the present invention; 
Fig. 5 shows the arrangement of silicon monocrys- 
talline substrates on a wafer in the first embodiment 
of the present invention; 

Figs. 6 show behavior in a case not depending 
upon the present invention; 
Fig. 7 is an exploded perspective drawing showing 
a second embodiment of the present invention; 
Figs. 8 show a manufacturing process in the sec- 
ond embodiment of the present invention; 
Fig. 9 is an exploded perspective drawing showing 
a fifth embodiment of the present invention; and 
Fig. 10 is a sectional view showing an ink passage 
in the fifth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to drawings, embodiments of the present 
invention will be described below. 

First Embodiment 

Fig. 1 is an exploded perspective drawing showing 
a first embodiment of an ink jet recording head accord- 
ing to the present invention and Figs. 2 are a plan of Fig. 

I and a sectional view viewed along a line A-A' in Fig. 2. 
As shown in Figs. 1 and 2, a reference number 10 
denotes a silicon monocrystalline substrate with a lat- 
tice plane <110>. A silicon monocrystalline substrate 10 
approximately 150 to 300 *im thick is normally used, a 
silicon monocrystalline substrate approximately 180 to 
280 \im thick is desirable and preferably, a silicon 
monocrystalline substrate approximately 220 nm thick 
is suitable. It is because these allow high array density, 
keeping the rigidity of a partition between adjacent pres- 
sure generating chambers. A reference number 50 
denotes an elastic film 1 to 2 urn thick composed of sili- 
con dioxide formed beforehand by thermally oxidizing 
the surface of the silicon monocrystalline substrate 10. 
A lower electrode film 60 approximately 0.5 \im thick, a 
piezoelectric material film 70 approximately 1 n m thick 
and an upper electrode film 80 approximately 0.1 yim 
thick are laminated or the elastic film 50 in a process 
described later and constitutes a piezoelectric element. 
In this embodiment, the lower electrode film 60 func- 
tions as a common electrode for piezoelectric elements 
and the upper electrode 80 functions as an individual 
electrode of the piezoelectric element, however, they 
may be contrary for convenience of a driving circuit and 
wiring. A pressure generating chamber 12, a narrow 
part 13, a communicating part 14 and a nozzle aperture 

II are formed in the silicon monocrystalline substrate 
10 by anisotropic etching described below. 



EP 0 867 287 A1 



3 



XI D- <£P _0667267A1 I > 



5 



EP0 867 287 A1 



6 



In anisotropic etching, when the silicon monocrys- 
talline substrate is dipped in alkaline solution such KOH, 
it is gradually eroded and a first plane (111) perpendic- 
ular to a plane (110) and a second plane (111) at an 
angle of approximately 70° with the first plane (111) and 5 
perpendicular to the plane (1 1 0) are formed. It is known 
that the etching rate of the plane (1 1 1) is approximately 
1/180 of the etching rate of the plane (110). Precise 
working based upon working in the depth of a parallelo- 
gram formed by the two planes (1 1 1) is executed utiliz- 70 
ing the above property. When the above technique is 
used for the ink jet recording head, the pressure gener- 
ating chambers 1 2 can be arrayed in high density. In the 
present invention, the longer side of the pressure gener- 
ating chamber 1 2 is formed by the first plane (111) and 75 
the shorter side is formed by the second plane (111). 

The pressure generating chamber 12, the narrow 
part 13 and the communicating part 14 are etched up to 
the elastic film 50 through the silicon monocrystalline 
substrate 10. The above etching is collectively executed 20 
in the same process. As silicon dioxide forming the elas- 
tic film 50 is not dipped in alkaline solution for etching 
the silicon monocrystalline substrate 10, only the single 
crystal of silicon is removed. In the meantime, the noz- 
zle aperture 1 1 is formed by etching the silicon monoc- 25 
rystalline substrate 10 halfway in the depth (half 
etching). Halt etching is often used technique because 
the depth of working can be easily controlled by adjust- 
ing the time of etching. 

The size of the pressure generating chamber 12 for 30 
applying ink droplet jetting pressure to ink, the size of 
the nozzle aperture 1 1 for jetting an ink droplet and the 
size of the narrow part 13 for controlling the inflow or 
outflow of ink into/out of the pressure generating cham- 
ber 1 2 are optimized according to the quantity of an ink 35 
droplet to be jetted, jetting speed and a jetting fre- 
quency. For example, if 360 pieces of ink droplets per 
inch are jetted, the nozzle aperture 11 and the narrow 
part 13 are required to be precisely formed at the 
groove width of a few tens jim, however, they can be 40 
easily worked by the above anisotropic etching without 
a problem. 

The communicating part 14 is a junction chamber 
for connecting a common ink chamber 31 described 
later and the pressure generating chamber 12 via the 45 
narrow part 13, an ink supply communicating port 21 of 
a sealing plate 20 described later corresponds to the 
communicating part 1 4 to distribute ink. 

A reference number 20 is a sealing plate 0.1 to 1 
mm thick in which the above ink supply communicating so 
port 21 is formed and the sealing plate is composed of 
glass ceramics the coefficient of linear expansion of 
which is 2.5 to 4.5 [x 10" 6 /°C] at 300°C or less. Glass 
ceramics are produced by baking a main component 
composed of glass and ceramics literally in the state of ss 
a green sheet formed in a desired shape at high temper- 
ature. The ink supply communicating port 21 may be 
also one slit or plural slits respectively crossing each 



communicating part 14 as shown in Fig. 3. One surface 
of the sealing plate 20 covers one surface of the silicon 
monocrystalline substrate 10 overall and functions as a 
reinforcing plate for keeping the silicon monocrystalline 
substrate 10 from impact or external force. In addition, 
the other surface of the sealing plate 20 constitutes a 
wall of the common ink chamber 31. A reference 
number 30 denotes a common ink chamber forming 
plate forming the peripheral wall of the common ink 
chamber 31 and the common ink chamber forming plate 
is produced by punching a stainless steel sheet with 
suitable thickness according to the number of nozzle 
apertures and an ink droplet jetting frequency. 

In this embodiment, the thickness is set to 0.2 mm. 
A reference number 40 denotes an ink chamber side 
plate also composed of a stainless steel sheet, a thin 
wall 41 is formed in a part of the ink chamber side plate 
by half etching and an ink leading port 42 for receiving 
ink from outside is punched. In this embodiment, the ink 
chamber side plate 0.2 mm thick is used and the thin 
wall 41 0.02 mm thick is formed in a part in considera- 
tion of the rigidity of the ink leading port 42 when it and 
an outside ink supply means are connected, however, 
an ink chamber side plate 0.02 mm thick may be also 
used beforehand to omit the formation of the thin wall 41 
by half etching. The thin wall 41 functions as an 
absorber of pressure generated when an ink droplet is 
jetted and applied to the reverse side to the nozzle aper- 
ture 1 1 and prevents unnecessary positive or negative 
pressure form being applied to another pressure gener- 
ating chamber 1 2 via the common ink chamber 31 . 

Next, a process for forming a piezoelectric material 
film 70 and others on the silicon monocrystalline sub- 
strate 10 will be described. As shown in Fig. 4 (a), first, 
an elastic film composed of silicon dioxide is formed by 
thermally oxidizing a wafer for the silicon monocrystal- 
line substrate 10 in a diffusion furnace heated at 
approximately 1100°C. 

Next, as shown in Fig. 4 (b), a lower electrode film 
60 is formed by sputtering. For the material of the lower 
electrode film 60, platinum (Pt) and others are suitable. 
The reason why platinum and others are suitable is that 
the piezoelectric material film 70 formed by sputtering or 
a sol-gel method and described later is required to be 
baked at the temperature of approximately 600 to 
1000°C in the atmosphere or in the atmosphere of oxy- 
gen after the formation of the film and crystallized. 
Therefore, the material of the lower electrode film 60 is 
required to keep conductive in such an oxidized atmos- 
phere heated at high temperature. Particularly if lead 
zirconate titanate (PZT) is used for the material of the 
piezoelectric material film 70, H is desirable that the 
change of conductivity by the diffusion of lead monoxide 
(PbO) is small and platinum is suitable for these rea- 
sons. 

Next, as shown in Fig. 4 (c), the piezoelectric mate- 
rial f im 70 is formed. Sputtering may be also used for a 
method of forming the piezoelectric material film, how- 
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ever, in this embodiment, a so-called sol-gel method in 
which so-called sol in which a metallic organic sub- 
stance is dissolved in a solvent gels by application and 
drying and the piezoelectric material film 70 composed 
of metallic oxide is obtained by baking it further at high 
temperature is used. For the material of the piezoelec- 
tric material film 70, it is suitable to use lead zirconate 
titanate (PZT) for an ink jet head. 

Next, as shown in Fig. 4 (d), the upper electrode 
film 80 is formed. The upper electrode film 80 has only 
to be very conductive material, many metals such as 
aluminum (Al), gold (Au), nickel (Ni) and platinum (Pt), 
conductive oxide and others can be used and in this 
embodiment, the upper electrode film is formed by sput- 
tering platinum (Pt). 

Next, as shown in Fig. 4 (e), the upper electrode 
film 80 and the piezoelectric material film 70 are pat- 
terned so that each piezoelectric element is arranged 
corresponding to each pressure generating chamber 
12. Fig. 4 (e) shows a case that the piezoelectric mate- 
rial film 70 is patterned using the same pattern as the 
upper electrode film 80, however, the piezoelectric 
material film 70 is not necessarily required to be pat- 
terned. It is because if voltage is applied to the upper 
electrode film 80 according to a pattern as an individual 
electrode, an electric field is applied only between each 
upper electrode film 80 and the lower electrode film 60 
which is a common electrode and has no effect upon 
the other part. 

The process for forming the films is described 
above. After the films are formed as described above, 
the silicon monocrystalline substrate 10 is anisotropi- 
cally etched by the above alkaline solution as shown in 
Fig. 4 (f) and the pressure generating chamber 12 and 
others are formed. After multiple chips are simultane- 
ously formed in one water as shown in Fig. 5 and a 
process for a series of the formation of the films and the 
anisotropic etching is finished, the wafer is divided into 
the size of the silicon monocrystalline substrate 10 
shown in Fig. 1 and others. 

The silicon monocrystalline substrate 10 the proc- 
ess for the formation of the films and the anisotropic 
etching of which is finished, the sealing plate 20, the 
common ink chamber forming substrate 30 and the ink 
chamber side place 40 are sequentially bonded and 
integrated. In an ink jet recording head formed as 
described above, even if the common ink chamber form- 
ing plate 30 and the ink chamber side plate 40 respec- 
tively composed of a stainless steel sheet with a large 
coefficient of linear expansion are expanded or con- 
tracted as printer working temperature changes, the thin 
films such as the elastic film 50 function without being 
influenced by the above expansion or contraction 
because of the rigidity of the sealing plate 20 the coeffi- 
cient of linear expansion of which is approximately 
equal to that of the silicon monocrystalline substrate 10. 
Figs. 6 show an effect upon the thin films when a stain- 
less steel sheet with a large coefficient of linear expan- 



sion is used for the sealing plate 20. Fig. 6 (a) shows a 
state in which the thin films bonded and hardened at the 
room temperature of 20°C are left under room tempera- 
ture to reduce the effect of expansion or contraction due 

5 to difference in temperature. Naturally, as there is no dif- 
ference in temperature, the bonded films are planar and 
no external stress is applied to the thin films. 

Fig. 6 (b) shows a state in which the bonded films 
shown in Fig. 6 (a) are left in the low temperature oper- 

10 ating environment of 5°C of a printer. As the thermic 
contraction of the sealing plate 20 and others is larger 
than that of the silicon monocrystalline substrate 10, the 
thin films are warped with them pulled. Particularly, 
apparent Young's modulus of the elastic film 50 is 

is increased and a vibrational cycle is shortened. Fig. 6 (c) 
shows a state in which the bonded films shown in Fig. 6 
(a) are left in the high temperature operating environ- 
ment of 35°C of a printer. As the coefficient of thermal 
expansion of the sealing plate 20 and others is larger 

20 than that of the silicon monocrystalline substrate 1 0, the 
thin films are warped with them loose. Particularly, 
apparent Young's modulus of the elastic film 50 is 
decreased and a vibrational cycle is extended. Differ- 
ence among the states shown in Fig. 6 (a) to Fig. 6 (c) 

25 is an important problem in the ink jet recording head for 
jetting an ink droplet by the displacement smaller than 1 
urn of a piezoelectric element. In this embodiment the 
effect of change in temperature is solved by the sealing 
plate 20. Although it is ideal that the coefficient of linear 

30 expansion of the sealing plate 20 is 3 x [10" 6 /°C] which 
is equal to that of the silicon monocrystalline substrate 
10, the coefficient of linear expansion of the sealing 
plate is an allowable range in an ink droplet jetting char- 
acteristic according to experiments by the inventors if 

35 the value is up to approximately [6 x 10" 6 /°C] which is 
the double of the coefficient of linear expansion of the 
silicon monocrystalline substrate 10. An epoxy adhe- 
sive is used for bonding, however, as difference in the 
quantity of expansion or contraction caused by differ- 

40 ence in temperature is not required to be considered, 
new effect that the films are bonded and hardened for a 
short time under the high temperature of 80°C and the 
time of a bonding process can be also reduced is also 
produced. 

45 Finally, a connecting cable 1 00 for sending a driving 
signal from an external circuit not shown to a piezoelec- 
tric element is connected via an anisotropic conductive 
film 90 thermically welded and the ink jet recording 
head is completed. 

so The ink jet recording head constituted as described 
above receives ink from the ink leading port 42 con- 
nected to external ink supply means not shown and fills 
the inside from the common ink chamber 31 to the noz- 
zle aperture 1 1 with ink. The ink jet recording head 

55 applies voltage between the lower electrode film 60 and 
the upper electrode film 80 via the connecting cable 100 
according to a recording signal from an external driving 
circuit not shown, increases pressure in the pressure 
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generating chamber 12 by bending and deforming the 
elastic film 50 and the piezoelectric material film 70 and 
records by jetting an ink droplet from the nozzle aper- 
ture 11. 

Second Embodiment 

Fig. 7 is an exploded perspective drawing showing 
a second embodiment of the ink jet recording head 
according to the present invention. A sealing plate 20, a 
common ink chamber faming plate 30. an ink chamber 
side plate 40 and a thin wall 41 are constituted by glass 
ceramics the coefficient of linear expansion of which is 
2.5 to 4.5 [x 10* 6 /°C]. Hereby, parts constituting the 
head are all parts the coefficient of linear expansion of 
which is close to that of a silicon monocrystalline sub- 
strate 10 and are released from the effect of difference 
in the quantity of expansion or contraction between the 
parts as temperature changes. 

Fig. 8 shows the manufacturing process of glass 
ceramic parts constituting a common ink chamber 31 . 
First, a sheet equivalent to the thickness of each part is 
produced as shown in Fig. 8 (a). Next, the shape of 
each part is formed by a press as shown in Fig. 8 (b). At 
this time, each part is formed in the thickness and 
dimension expecting the contraction in baking. Next, 
each part is laminated as shown in Fig. 8 (c). Finally, the 
laminated parts are baked and integrated as shown in 
Fig. 8 (d). Hereby, a part integrated without using an 
adhesive and forming the common ink chamber 31 is 
completed. As the integrated glass ceramic part forming 
the common ink chamber 31 and the silicon monocrys- 
talline substrate 10 on which the films are formed have 
only to be bonded, the manufacturing process can be 
greatly simplified. 

The silicon monocrystalline substrate 10 obtains a 
firm reinforcing plate of the integrated glass ceramics 
and is provided with sufficient strength as a head. As 
the other constitution of the head except the parts con- 
stituting the common ink chamber 31 is the same as in 
the first embodiment shown in Figs. 1 to 4, the descrip- 
tion is omitted. 

Third Embodiment 

In a third embodiment of the ink jet recording head 
according to the present invention, an alloy of iron and 
nickel (generally called invar) the coefficient of linear 
expansion of which is 2.5 to 4.5 x [10* 6 /°C] is used for 
the material of the sealing plate 20 in the first embodi- 
ment. The alloy of iron and nickel is produced by press 
working and electroless nickel placing is applied to the 
whole surface by 2 to 5 pm to secure resistance to ink. 
As the shape of a sealing plate 20 and the other consti- 
tution of the head are the same as in the first embodi- 
ment, the description is omitted. 



Fourth Embodiment 

In a fourth embodiment of the ink jet recording head 
according to the present invention, for the material of 

5 the sealing plate 20, the common ink chamber forming 
plate 30 and the ink chamber side plate 40 respectively 
in the second embodiment, an alloy of iron and nickel 
the coefficient of linear expansion of which is 2.5 to 4.5 
x I10* 6 /°C] is used. The alloy of iron and nickel is pro- 

w duced by press working and electroless nickel plating is 
applied to the whole surface to secure resistance to ink. 
Each part is bonded and laminated as in the first 
embodiment. 

As the other constitution of the head except parts 
75 constituting a common ink chamber 31 is the same as in 
the first embodiment shown in Figs. 1 to 4 and the effect 
is the same as in the second embodiment, the descrip- 
tion is omitted. 

20 Fifth Embodiment 

Fig. 9 is an exploded perspective drawing showing 
a fifth embodiment of the ink jet recording head accord- 
ing to the present invention and Fig. 10 shows the see- 
ps tion of an ink passage shown in Fig. 9. In a fifth 
embodiment, nozzle apertures 11 are arranged on a 
plane reverse to piezoelectric elements to facilitate cap- 
ping and reduce the depth in the rear of the nozzle aper- 
ture 1 1 . As shown in Figs. 9 and 10, a reference number 

30 110 denotes a nozzle substrate in which nozzle aper- 
tures 1 1 are formed. A reference number 22 denotes a 
nozzle communicating port connecting each nozzle 
aperture 1 1 and the corresponding pressure generating 
chamber 1 2 and the nozzle communicating port pierces 

35 a sealing plate 20, a common ink chamber forming plate 
30, a thin wall 41 and an ink chamber side plate 40. As 
the constitution of a silicon monocrystalline substrate 
10, an elastic film 50, a lower electrode film 60, a piezo- 
electric material film 70 and an upper electrode film 80 

40 except the nozzle aperture 1 1 is the same as in the first 
embodiment, the description is omitted. 

The material constituting the common ink chamber 
31 may be any material constituting the common ink 
chamber in the first to fourth embodiments of the 

45 present invention, however, in the fifth embodiment the 
nozzle substrate 110, the ink chamber side plate 40, the 
thin wall 41, the common ink forming plate 30 and the 
sealing plate 20 are all constituted by glass ceramics 
the coefficient of linear expansion of which is 2.5 to 4.5 

so x [10" 6 /°C]. The manufacturing method is the same as in 
the second embodiment and the effect is the same as in 
the above embodiments. The nozzle communicating 
port 22 may be also formed individually in four parts of 
the sealing plate 20. the common ink chamber forming 

55 plate 30, the thin wall 41 and the ink chamber side plate 
40, however, in this embodiment, after the above four 
parts are laminated, the port is collectively formed by a 
press. Hereby, as the misregistration of the nozzle com- 
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municating port piercing the four parts is solved and no 
part with difference in a level in which bubbles which are 
not desirable for the ink jet recording head are easily 
stagnated is made, the reliability of the head can be 
secured. 

An ink leading port 42 for supplying ink from the 
outside not shown is provided in the sealing plate 20. As 
the ink leading port 42 is provided on the side of the 
sealing place 20, a connecting cable 100 is led out in a 
direction reverse to that in the first embodiment. 

As described above, according to the ink jet record- 
ing head according to the present invention, the number 
of silicon monocrystalline substrates manufactured in 
one wafer is increased and the unit price of the head 
can be reduced by providing a common ink chamber 
outside a silicon monocrystalline substrate in a high 
density head constituted by a film forming process and 
anisotropically etching the silicon monocrystalline sub- 
strate. A fragile silicon monocrystalline substrate is rein- 
forced by using material the coefficient of linear 
expansion of which is close to that of the silicon monoc- 
rystalline substrate at least for a sealing plate and an 
effect upon a thin film piezoelectric element caused by 
difference in the quantity of expansion or contraction 
between materials in the change of temperature is pre- 
vented. As a result, a high density and very reliable 
head can be supplied at a low price. 

Claims 

1 . An ink jet recording head comprising: 

a plurality of pressure generating chambers 

formed in a substrate which is respectively 

communicated with nozzle apertures; 

an elastic film formed on one surface of said 

substrate; 

a piezoelectric element defined by laminating a 
piezoelectric material film and an electrode film 
on the surface of said elastic film correspond- 
ing to each pressure generating chamber, 
a narrow part and a communicating part 
formed far from the nozzle aperture of the pres- 
sure generating chamber in said substrate; and 
a sealing plate sealing the other surface of said 
substrate, said sealing plate provided with an 
ink supply communicating port for connecting 
said communicating part and a common ink 
chamber. 



2. 



An ink jet recording head according to Claim 1, 
wherein at least the sealing plate of members form- 
ing said common ink chamber is defined by mate- 
rial the coefficient of linear expansion of which does 
not exceed the double of that of said silicon monoc- 
rystalline substrate. 
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wherein glass ceramics the coefficient of linear 
expansion of which is 2.5 to 4.5 [x 10" 6 /°C] are used 
at least for the sealing plate of the members form- 
ing said common ink chamber. 

An ink jet recording head according to Claim 1, 
wherein said common ink chamber is integrated 
with glass ceramics any coefficient of linear expan- 
sion of which including the sealing plate is 2.5 to 4.5 
[x 10' 6 /°C] by molding and baking after lamination 
or laminating and baking after molding. 

An ink jet recording head according to Claim 1 t 
wherein an alloy of iron and nickel the coefficient of 
linear expansion of which is 2.5 to 4.5 x 10" 6 AC is 
used at least for the sealing plate of the members 
forming said common ink chamber. 

An ink jet recording head according to Claims 1 to 
5, wherein said common ink chamber is provided 
with a thin wall at least in a part of the surface oppo- 
site to the sealing plate. 

An ink jet recording head according to claim 1, 
wherein said common ink chamber is defined by 
said sealing plate, a common ink chamber forming 
plate and an ink chamber side plate. 

An ink jet recording head according to claim 1, 
wherein a thin wall is provided with said ink cham- 
ber side plate. 

An ink jet recording head according to claim 1, 
wherein said ink chamber side plate is, formed by 
two piece members. 
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10. An ink jet recording head according to claim 1, fur- 
ther comprising: 

a nozzle plate including said nozzle aperture; 
and 

a hole communicated with said nozzle aper- 
ture, said hole formed in at least said sealing 
place, common ink chamber and forming plate. 

11. An ink jet recording head according to claim 1, 
wherein one surface of said common ink chamber 
is said sealing plate. 

12. An ink jet recording head according to claim 1, 
wherein said substrate is a silicon monocrystalline 
substrate. 



3. An ink jet recording head according to Claim 1, 
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